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Abstract: Measures of regional brain volumes, which can be derived from magnetic resonance 
imaging (MRI) images by dividing a brain into its constituent parts, can be used as structural 
indicators of many different neuroanatomical diseases and disorders, including alcoholism. Reduc-
ing the time and cost required for brain segmentation would greatly facilitate both clinical and 
research endeavors. In the present study, we compared two segmentation methods to measure brain 
volumes in alcoholic and nonalcoholic control subjects: 1) an automated system (FreeSurfer) and 
2) a semi-automated, supervised system (Cardviews, developed by the Center for Morphometric 
Analysis [CMA] at Massachusetts General Hospital), which requires extensive staff and oversight. 
The participants included 32 abstinent alcoholics (19 women) and 37 demographically matched, 
nonalcoholic controls (17 women). Brain scans were acquired in a 3 Tesla MRI scanner. The 
FreeSurfer and CMA methods showed good agreement for the lateral ventricles, cerebral white 
matter, caudate, and thalamus. In general, the larger the brain structure, the closer the agreement 
between the methods, except for the cerebral cortex, which showed large between-method dif-
ferences. However, several other discrepancies existed between the FreeSurfer and CMA volume 
measures of alcoholics’ brains. The CMA volumes, but not FreeSurfer, demonstrated that the 
thalamus, caudate, and putamen were significantly smaller in male alcoholics as compared with 
male controls. Additionally, the hippocampus was significantly smaller in alcoholic women com-
pared with women controls. In general, correlation between methods was lowest in male alcoholic 
subjects, who also showed the greatest abnormalities. These results suggest that although many 
brain structures can be segmented reliably by CMA and FreeSurfer, low correlations between 
methods in some regions may be due to morphological changes in the brains of alcoholics.
Keywords: alcoholism, MRI, brain segmentation
Introduction
Brain morphometry is the study of neuroanatomical structures with the use of volumet-
ric analyses. Previous studies have demonstrated that brain morphometry abnormalities 
can be used as an indicator of specific neurological conditions.1–4 For example, alco-
holism is associated with widespread brain changes, as well as concomitant cognitive, 
emotional, and motivational dysfunction.5–7
Early forays into brain volumetrics required labor-intensive efforts for regional 
segmentation of the brain into specific structural or functional subunits. As a result, 
manual efforts to label brain structures have often relied on a variety of information, 
including magnetic resonance imaging (MRI) image signal and knowledge-based 
neuroanatomical contouring.8 Accurate and reliable brain morphometry is challeng-
ing because it requires many anatomical markers, as well as additional information Neuropsychiatric Disease and Treatment 2011:7 submit your manuscript | www.dovepress.com
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that cannot be obtained from MRI image intensities alone, 
since MRI image intensities often overlap between adjacent 
regions of the brain.4 Image inhomogeneity within MRI scans 
caused by factors such as a nonuniform magnetic field can 
also greatly complicate volumetric analyses.9–11
A semiautomated, supervised system12,13 was developed 
by the Center for Morphometric Analysis (CMA) at the 
Massachusetts General Hospital (MGH), Boston, MA. The 
semiautomated CMA system increases efficiency of seg-
mentation by utilizing advanced computer software, along 
with a human expert, to segment structures. Although this 
supervised CMA system is reliable and accurate, it requires 
one day to fully segment the brain and also requires extensive 
staff and oversight. This makes such a method limited for 
high-throughput brain image processing for research analyses 
and clinical applications.
In contrast to the CMA system, the automated system 
known as FreeSurfer, developed by researchers at the Athinoula 
A. Martinos Center at MGH,4,14 requires only minimally super-
vised computer computational analysis (using an Intel Xeon 
3.0 GHz processor) for volumetric segmentation. Moreover, 
multiple reconstructions and segmentations can be executed 
simultaneously on multicore processors.14 FreeSurfer uses a 
probabilistic atlas of spatial information to assign neuroana-
tomical labels to arbitrary voxels in a raw image, independent 
of a subject’s position, orientation, or head shape. More specifi-
cally, the probabilistic atlas, which was compiled from brains 
segmented by the CMA, contains spatial information on the 
prior probability of a given tissue class occurring at a specific 
atlas location, the likelihood of an image intensity occurring 
in a given tissue class, and the probability of the local spatial 
configuration of labels given that tissue class.4 FreeSurfer is 
minimally labor-intensive and efficient at rapid segmentation 
and parcellation. The program is also well documented and 
accessible for free download online.14
Brain volumetrics is often used to examine changes in the 
brains of elderly people or of individuals who may show mor-
phological changes associated with neurological   disorders. 
The ability to accurately segment the brain despite mor-
phological irregularities would be a crucial attribute for any 
automated system, such as FreeSurfer, that is used in studying 
variabilities in brain morphometrics. Although previous stud-
ies have used FreeSurfer with older and diseased subjects,2,15,16 
none has compared the two methods   systematically. In the 
present study, we used two different morphological seg-
mentation methods to examine brain volumetric differences 
between alcoholics and nonalcoholic control subjects. We also 
examined gender differences in the brains of these groups, 
because of known differences in the neurobiological effects 
of alcoholism in men and women.17–19
Materials and methods
Subjects
Four groups of subjects participated in this study (Table 1): 
13 male alcoholics (MALC), 19 female alcoholics (FALC), 
20 male nonalcoholic control subjects (MNC), and 17 female 
nonalcoholic control subjects (FNC). All of the subjects 
were right-handed, native English-speaking individuals with 
comparable demographic backgrounds. The subjects were 
recruited from newspaper and online advertisements and 
from flyers posted at Boston University School of Medicine, 
the Boston Veterans Affairs (VA) Healthcare System, and 
other nearby sites. Subjects were initially prescreened by 
telephone for identifiers such as age, level of education, 
health history, and history of alcohol and drug use. Potentially 
eligible individuals were then screened at the laboratory after 
written informed consent was obtained. Neuropsychological 
evaluations were performed and usually required between 
5 and 7 hours of testing over a minimum of 1–2 days. The 
alcoholic subjects met Diagnostic and Statistical Manual, 4th 
edition (DSM-IV) criteria for alcohol abuse or dependence 
for at least 5 years, and they had abstained from alcohol 
use for at least 4 weeks prior to testing. Participants were 
excluded if any source indicated that they displayed any of the 
following conditions: neurological dysfunction (eg, seizures 
unrelated to alcohol withdrawal), electroconvulsive therapy, 
major psychiatric disease (eg, schizophrenia), current poly-
drug abuse, human immunodeficiency virus, severe hepatic 
disease, history of serious learning disability or dyslexia, or 
an uncorrected vision or hearing problem, or if the individual 
had a pacemaker, surgical metal clips, implants, or possible 
internal metal. Participants were reimbursed for time and 
travel expenses. This study was approved by the Institutional 
Review Boards of the participating institutions.
Heavy drinking was quantified as greater than 21 drinks 
per week (one drink: 355 mL beer, 148 mL wine, or 44 mL 
hard liquor). A quantity frequency index (QFI), which fac-
tors the amount, type, and frequency of alcoholic usage over 
the last 6 months for the nonalcoholic subjects, and over 
the last 6 months before sobriety for the alcoholic subjects, 
was calculated for each subject.20,21 The QFI was computed 
according to 1) a weight assigned to the number of days in 
which alcohol is consumed (1 = every day; .5 = every other 
day; .14 every seventh day, etc) and 2) the amount of alcohol 
consumed (as determined for beer + wine + distilled spirits). 
The MALC group had a QFI of 13.3 ± 10.9 (mean ± standard Neuropsychiatric Disease and Treatment 2011:7 submit your manuscript | www.dovepress.com
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deviation) and had been sober for 21 days to 26 years. The 
FALC group had a QFI of 6.1 ± 5.3 and had been sober for 
42 days to 30 years. The MNC group had a QFI of 0.1 ± 0.3, 
and the FNC group had a QFI of 0.4 ± 0.0 (Table 1). The 
MALC and FALC groups were evenly distributed for short 
and long durations of abstinence. All alcoholic participants 
met DSM-IV criteria22 for alcohol abuse and dependence for 
a period of at least 5 years, and all but one had been abstinent 
for at least 4 weeks prior to testing.
Mri acquisition
MRI scans were obtained at MGH on a Siemens 3-Tesla Trio 
scanner (Siemens Medical Solutions USA, Inc, Malvern, PA). 
Two eight-minute high-resolution T1-weighted magnetiza-
tion prepared rapid gradient echo (MP-RAGE) series were 
acquired for volumetric analysis (repetition time = 2530 ms, 
echo time = 3.31 ms, inversion time = 1100 ms, flip angle = 7°, 
field of view = 256 mm, slice thickness = 1.33 mm, number 
of slices = 128 contiguous, sagittal images of the entire brain 
with in-plane resolution 1 mm × 1 mm). The two MP-RAGE 
series were averaged to improve signal to noise ratio while 
maintaining shorter individual scan duration and then resliced 
into a standard coronal three-dimensional brain coordinate 
system before being reformatted to standard spatial orienta-
tion, but not rescaled in size.23
Mri morphometric analysis
Image analysis followed both the semiautomated, super-
vised procedures developed by the CMA24–26 and the 
automated FreeSurfer system.4,27 For the semiautomated 
CMA procedure, gray matter, white matter, and ventricles 
were segmented on T1-weighted images using a computer-
assisted approach, and gray matter was then divided into 
cortical and subcortical components.8,27 Brain segmentation 
was carried out by an experienced research assistant in the 
CMA with training in neuroanatomy, and supervised by 
a neuroanatomist. Segmentation of certain structures, such as 
the hippocampus and amygdala, followed strict procedures 
involving image intensities and the locations of other struc-
tures, such as the ventricles and cortical sulci. High inter-rater 
and intra-rater reliability of the CMA methods have been 
established previously,28,29 and blindness of group assignment 
was maintained throughout the analyses to prevent bias.
FreeSurfer (version 3) was used for the automated volu-
metric measures of various brain structures. FreeSurfer can 
automatically segment, parcellate, and label up to 40 unique 
structures, including many structures in the subcortical 
regions of interest,4,16 assigning a neuroanatomical label to 
each voxel in an MRI volume based on probabilistic informa-
tion automatically estimated from a manually labeled training 
set. Briefly, FreeSurfer is executed by morphing the image 
into a Talairach space, by normalizing the white matter inten-
sities of the original image, and by skull-stripping. The label 
of a particular voxel is determined from algorithms based 
on collected probabilities of image intensities and structure 
location using a Bayesian prior based on the maximum a 
posteriori probability.4,16 FreeSurfer outputs were reviewed 
by an experienced research assistant with training in neu-
roanatomy. An example of the results of both methods is 
shown in Figure 1.
For this study, the following regions were segmented and 
analyzed bilaterally: cerebral cortex, cerebral white matter, 
lateral ventricles, thalamus, hippocampus, amygdala, caudate 
nucleus (head and body), putamen, pallidum, and the nucleus 
accumbens area. We did not do a comparison of cortical 
parcellation between methods, which involves dividing the 
cerebral cortex into anatomically discrete regions such as 
cingulum, dorsolateral prefrontal cortex, etc.
Statistical methods
The volumes obtained from the CMA and FreeSurfer meth-
ods were converted to a common metric unit (mL). For each 
Table 1 Demographic and clinical subject data
Mean ± SD P-value
MALC FALC MNC FNC ALC versus NC M versus F
QFi 13.3 ± 10.9 6.1 ± 5.3 0.1 ± 0.3 0.4 ± 0.5 ,0.0001 0.347
Length of sobriety (years) 3.8 ± 6.8 7.3 ± 8.8 _ _ _ 0.211
Age at scan 52.3 ± 7.0 51.8 ± 11.3 52.5 ± 16.2 57.8 ± 10.3 0.224 0.540
Years of education 13.8 ± 2.7 15.3 ± 2.8 16.5 ± 2.3 14.4 ± 1.9 0.281 0.128
Full scale iQ 101.9 ± 13.9 109.8 ± 17.3 116.1 ± 16.4 108.6 ± 10.2 0.144 0.327
Notes: QFi, an estimate of amount of alcohol consumed, is derived from the amount, type, and frequency of alcoholic usage over the last 6 months for the nonalcoholic 
subjects and over the last 6 months before sobriety for the alcoholic subjects. The Full Scale iQ was determined by the Wechsler Adult intelligence Scale, 3rd edition.36 
The P-values were determined by a student t-test. The QFI between the male alcoholics and female alcoholics (not shown) was significant (P = 0.034).
Abbreviations: MALc, male alcoholic; FALc, female alcoholic; MNc, male normal control; FNc, female normal control; QFi, quantity frequency index.Neuropsychiatric Disease and Treatment 2011:7 submit your manuscript | www.dovepress.com
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region, the intraclass correlation coefficients (ICC) and the 
95% confidence intervals for the consistency of volumes 
were calculated.30,31 Inter-method difference was estimated 
by comparing the average of the per-subject difference in 
volume between the methods to the hypothetical assumption 
that the average of the differences equaled zero by way of a 
two-tailed, one-sample t-test. Furthermore, the percent com-
mon volume difference (PCVD) (Equation 2)4 was calculated 
to compare the relative measurement difference between 
regions. The PCVD expresses the difference in volumes as 
a ratio to the mean of the volumes (the mean was used since 
the true structure volume is unknown). In raw form, the 
PCVD indicates directional difference. In its absolute form 
(ie, the absolute value of the difference divided by the mean), 
the PCVD can be used to examine overall “noise” among 
measurements. The volume difference was plotted against 
the volume mean to examine method-based differences in 
relation to the magnitude of the measurement and formally 
tested by the correlation coefficient.32
Subject group/gender specific method-based differ-
ences in the PCVD related to between-subjects effects were 
examined by ANOVA with group, gender, and their interac-
tion as the effects of interest. Familywise error for multiple 
comparisons within the interaction term was controlled by 
the Tukey honestly significant difference procedure. These 
analyses were repeated with the absolute PCVD.
As an example of the implications of the level of agree-
ment between the methods, a more formal analysis of the 
raw, unscaled volumes from each method was compared 
by ANOVA with group, gender, and their interaction as the 
effects of interest. Covariates such as age were not included, 
as their effect was assumed to be common between methods. 
The comparability of the results of the analysis applied to both 
image analysis methods is described. A subset of regions was 
selected based on: high ICC and no between-subject group/
gender differences (caudate nucleus); high ICC with between-
subject group/gender differences (cerebral white matter); 
low ICC with no between-subject group/gender differences 
(cerebral cortex); and low ICC with between-subject group/
gender differences (hippocampus) (see Tables 2 and 3).
Analyses were carried out using SPSS (Version 16.0; 
SPSS Inc, Chicago, IL), JMP (Version 8.0.2, SAS I  nstitute 
Inc., Cary, NC), and Microsoft Excel (Version 2003; 
  Microsoft, Redmond, WA).
Results
Intraclass correlation coefficient  
and method comparison analysis
Of the 20 regions analyzed (10 per hemisphere), eight had 
between-methods ICC $ 0.75. These were the left and right 
lateral ventricles, cerebral white matter, caudate, and thala-
mus (see Table 2). Eight regions had 0.75 . ICC . 0.50. 
These were the left and right hippocampus, amygdala, puta-
men, left pallidum, and left cerebral cortex. The remaining 
regions included the right pallidum (ICC = 0.48) and right 
cerebral cortex (ICC = 0.47) and the nucleus accumbens 
area, which at 0.5 mL was the smallest region considered, 
with ICC less than 0.3.
Eight of the regions showed the CMA estimate to have 
a larger volume than the FreeSurfer estimate (see Table 2). 
Six of these regions showed the difference to be more than 
10% of the mean volume of the structure: the left and right 
cerebral cortex differed by more than 60 mL (26.0% and 
25.4% respectively), the left and right thalamus differed 
by less than 1 mL (11.2% and 12%), and the left and right 
nucleus accumbens area differed by less than 0.1 mL (17.1% 
and 13.1%). The left and right cerebral white matter differed 
by 16.3 mL (7.6%) and 14 mL (6.5%), respectively.
Four of the regions (all small regions with differences of 
0.3 mL or less) showed the FreeSurfer estimate to have larger 
volume than the CMA estimate. The left pallidum differed 
by 0.3 mL (15.1%), the right pallidum differed by 0.2 mL 
(10.9%), the right amygdala differed by 0.1 mL (6.2%), and 
the left putamen differed by 0.2 mL (3.4%).
Correlations between the mean volume difference 
and the mean volume of the region indicated that in only 
three regions was there a trend for the volume difference 
to be related to the volume of the structure: left amygdala 
(r(69) = +0.27, P = 0.03), left pallidum (r(69) = -0.26, 
P = 0.03), and right pallidum (r(69) = -0.24, P = 0.05). Across 
regions, however, the trend is for the percentage common 
y = 20.145×−0.473
R2 = 0.7415
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Figure 1 The comparison of the mean volume of brain structures to their absolute 
PcVD. The mean volume of brain structures was determined as the average of cMA 
and FreeSurfer volumetric measurements for all subjects.
Abbreviations: cMA, center for Morphometric Analysis; PcVD, percent common 
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voxel difference (PCVD) to vary inversely with the average 
size of the structure, such that the PCVD decreases as the 
structure size increases. Excluding the cerebral cortex and 
white matter, there was a decreasing absolute PCVD as size 
increased (see Figure 1). This indicates that, with the excep-
tion of the cerebral cortex (which is a large region that also 
had large inter-method differences), for discrete subcortical 
neuroanatomical structures, the larger the brain structure, 
the better the agreement between the CMA and FreeSurfer 
measurements.
comparison of group/gender differences 
between methods
The analysis of PCVD and absolute PCVD (between-method 
difference) by group and gender indicated significant inter-
action effects for the left and right cerebral white matter, 
hippocampus, putamen, nucleus accumbens area, and right 
pallidum (see Table 3). In virtually all cases, the volumes 
of the male alcoholics (MALC) were estimated with sig-
nificantly more between-method difference than the male 
controls (MNC). Exceptions were the absolute PCVD for 
the right cerebral white matter, where there was a significant 
interaction, but the mean difference between MALC and 
MNC (5.9 mL) did not meet the corrected significance level 
(95% confidence level for the difference: -0.6–12.4 mL). In 
the left hippocampus, the between-method difference (PCVD 
and absolute PCVD) was significantly greater in the MALC 
than in both the MNC and female groups. The significance 
in the putamen was restricted to the absolute PCVD. And in 
the right accumbens area, the between-method difference was 
greater in the MALC than in MNC and females. However, 
the opposite effect was seen in the right pallidum, where the 
MNC had greater PCVD than the MALC (a trend that was 
not seen in the left pallidum, where the alcoholics as a group 
had higher PCVD than the control group). Alcoholic men 
produced the lowest correlations between methods among 
the groups. For example, in the right thalamus, alcoholic men 
had a slope of 0.277 and an R2 value of 0.05, which was a 
far worse inter-method correlation than for alcoholic women 
(slope of 1.080 and an R2 value of 0.70), control women 
(m = 0.898 and R2 = 0.68), and control men (m = 0.678 and 
R2 = 0.67). Across all subjects, an inter-method slope of 
0.733 and an R2 value of 0.57 were found, demonstrating the 
extent to which relatively strong correlations in the female 
groups and the male controls could have masked the weak 
correlations in the alcoholic men.
Table 2 common mean volume of structures across both methods (in mL) for 69 pairs of volume estimates, along with per-subject 
differences from the common mean (in volume and percentage volume)
Region Mean common  
volume
Mean volume  
difference
% volume  
difference
T-value P-value 95% confidence interval
ICC Low High
L cerebral cortex 246.1 63.9 26.0 15.6 ,0.0001 0.50 0.30 0.66
r cerebral cortex 246.7 62.7 25.4 14.9 ,0.0001 0.47 0.27 0.64
L cerebral white matter 215.0 16.3 7.6 6.4 ,0.0001 0.81 0.71 0.88
r cerebral white matter 216.8 14.0 6.5 6.1 ,0.0001 0.85 0.77 0.90
L Lat Vent 12.7 0.2 1.4 1.6 0.11 0.99 0.99 1.00
r Lat Vent 11.0 -0.1 -0.5 -0.5 0.61 0.99 0.98 0.99
L thalamus 6.3 0.7 11.2 10.5 ,0.0001 0.77 0.66 0.85
r thalamus 6.4 0.8 12.0 12.0 ,0.0001 0.75 0.63 0.84
L hippocampus 3.6 0.0 -0.2 -0.1 0.92 0.55 0.37 0.70
r hippocampus 3.8 0.0 -1.3 -0.9 0.37 0.61 0.43 0.74
L amygdala 1.6 0.0 -0.8 -0.4 0.67 0.57 0.38 0.71
r amygdala 1.6 -0.1 -6.2 -3.3 0.001 0.52 0.33 0.68
L caudate 3.4 -0.1 -1.7 -1.5 0.13 0.82 0.73 0.88
r caudate 3.5 0.1 2.2 1.8 0.07 0.79 0.68 0.86
L putamen 4.6 -0.2 -3.4 -2.2 0.029 0.56 0.38 0.70
r putamen 4.6 0.1 1.6 1.2 0.25 0.61 0.44 0.74
L pallidum 1.8 -0.3 -15.1 -8.0 ,0.0001 0.52 0.32 0.67
r pallidum 1.7 -0.2 -10.9 -5.0 ,0.0001 0.48 0.28 0.64
L accumbens area 0.53 0.1 17.1 4.6 ,0.0001 0.26 0.03 0.47
r accumbens area 0.54 0.1 13.1 3.0 0.004 0.20 -0.04 0.41
Note: The test statistic is given for the hypothesis that the average volume difference is 0, as an indicator of difference in the measurement. Positive values indicate the cMA 
volume is greater than the FreeSurfer volume. The icc is given for the assumption of the consistency of volumes between methods (see text for details).
Abbreviations: CMA, Center for Morphometric Analysis; ICC, intraclass correlation coefficient.Neuropsychiatric Disease and Treatment 2011:7 submit your manuscript | www.dovepress.com
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In addition, although there is significant overall between-
method difference in the estimates of the cerebral cortex 
(.25%), this difference tended to be higher in females than 
in males. This trend is also seen in the right lateral ventricle, 
where the PCVDs are positive for the females, but negative 
(or near zero) for the males. Other significant main effects 
were seen for the thalamus, amygdala, and caudate, but are 
less interpretable in the absence of overall significance of 
the ANOVA.
The ICCs and method-based difference present in the cere-
bral cortex and cerebral white matter are of special note. Using 
images taken from one of our male alcoholic participants that 
had large inter-method cerebral cortex volume difference as 
an example (see Figure 2), it can be seen that there were overt 
differences between the CMA and FreeSurfer estimates of the 
extent of the white matter into cortical gyri and the extent of 
the exterior cortical ribbon boundary. In conjunction with 
the results reported above, the subcortical structures as well 
as the cortex and white matter boundaries may be more het-
erogeneous in male alcoholics, which could lead to a higher 
susceptibility to variance by an automated segmentation 
system, compared with a supervised one.
implications for volumetric analysis
Analysis of the raw, unscaled volumes of the cerebral cortex 
(which had a low ICC and showed modest group/gender 
between-method differences) showed comparable results 
between the methods: left cerebral cortex F(3, 63) = 1.3 for 
CMA (P = 0.3) and 1.6 for FreeSurfer (P = 0.2), right cerebral 
cortex F(3, 63) = 1.0 for CMA (P = 0.4) and 1.9 for Free-
Surfer (P = 0.15). Both methods showed a low-level (0.10 , 
P , 0.15) trend for subjects with alcoholism to have larger 
cortex volumes (11–14 mL) than normal controls.
Analysis of the cerebral white matter (which had a high 
ICC and showed greater between-method differences in MALC 
than MNC) also showed comparable results: left cerebral white 
matter F(3, 63) = 2.8 for CMA (P = 0.05) and 4.7 for FreeSurfer 
(P = 0.005); and right cerebral white   matter F(3, 63) = 2.9 for 
CMA (P = 0.04) and 5.2 for FreeSurfer (P = 0.003). Each 
analysis also showed significant gender effects indicating the 
volume of white matter was higher (20–25 mL) in men than 
in women (P , 0.01 for all).
Analysis of the hippocampus (which had a low ICC 
and showed greater between-method difference in MALC 
than MNC) showed a significant group main effect, as well 
as group-by-gender interactions in the FreeSurfer volumes 
(left: F(3, 63) = 4.0, P = 0.01, interaction F = 9.1, P = 0.004; 
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right: F(3, 63) = 5.9, P = 0.001, interaction F = 12.9, 
P  0.001) whereby MALC volumes were significantly 
(0.6 mL) smaller than MNC volumes. These trends were not 
observed in the CMA volumes, where there was only a mod-
est gender effect (F = 2.5, P = 0.11) in the right hippocampus 
(0.2 mL smaller in women than in men).
Finally, analysis of the caudate volumes (which had a 
high ICC and no group/gender between-method differences) 
showed comparable nonsignificant effects between the 
  methods: left caudate F(3, 63) = 0.8 for CMA (P = 0.5) and 1.1 
for FreeSurfer (P = 0.4), right caudate F(3, 63) = 1.3 for CMA 
(P = 0.3) and 1.7 for FreeSurfer (P = 0.2). There was a modest 
trend in the CMA measures for women to have smaller caudate 
volumes than men (difference = 0.24 mL, P = 0.06), but this 
was not seen in FreeSurfer volumes   (difference = 0.17 mL, 
P = 0.2). Additionally, the FreeSurfer caudate volumes of the 
alcoholic subjects tended to be larger than in control subjects 
(difference = 0.25 mL, P = 0.06), but this was not seen in CMA 
volumes (difference = 0.07 mL, P = 0.6).
Volumetric differences in alcoholism
The volumes attained from both the CMA and FreeSurfer 
methods were analyzed in terms of the diagnosis of 
  alcoholism. Using the CMA results, the cortex (P = 0.047), 
caudate (P = 0.025), amygdala (P = 0.030), and nucleus 
accumbens (P = 0.038) were significantly larger in men as 
compared with women irrespective of the diagnosis of alco-
holism. The thalamus (P = 0.006), the caudate (P = 0.002), and 
the putamen (P = 0.001) were significantly smaller in MALC 
group as compared with the MNC group, and the FALC group 
had significantly smaller hippocampi than the FNC group 
(P = 0.010). The left pallidum also showed a significant 
increase in volume as a function of the length of abstinence. 
Additionally, trends toward increases in brain volume as 
the duration of abstinence increased were seen in the left 
cortex (P = 0.066), right cortex (P = 0.076), left white matter 
(P = 0.077), right hippocampus (P = 0.0755), left amygdala 
(P = 0.073), right nucleus accumbens (P = 0.068), and right 
pallidum (P = 0.072). Analyses also demonstrated that the left 
hippocampus (P = 0.021), the left putamen (P = 0.027), and 
the right putamen (P = 0.043) significantly decreased with 
age in the FALC subjects, but not in FNC subjects.
In contrast, the use of the FreeSurfer results indicated that 
the pallidum (P = 0.031) and nucleus accumbens (P = 0.041) 
were significantly larger in the men than in the women. The 
putamen (P = 0.002), the pallidum (P = 0.001), and the 
nucleus accumbens (P = 0.001) were significantly smaller 
in the MALC as compared with the MNC group, and the 
FALC subjects had significantly smaller amygdala than the 
FNC subjects (P = 0.036). The right pallidum (P = 0.015) 
increased in volume with the length of abstinence. The left 
putamen (P = 0.010) and the right putamen (P = 0.029) 
decreased significantly in size with age in the MNC, but not 
in the MALC group. Thus, the results and interpretation of 
the volumetric analysis were somewhat dependent on the 
method used to generate the volumes.
Discussion
Morphometric brain volume measurements reveal abnor-
malities in developmental or pathological processes in a 
wide range of psychiatric and neurologic disorders, as well 
as describe normative neurodevelopment and aging. Both 
automated and manually supervised systems are available 
for morphometric brain analysis, with varying benefits 
Cerebral Cortex Caudate Putamen Amygdala
Hippocampus Pallidum Thalamus
Ventral Diencephalon
White Matter
Ventricles
Figure 2 coronal Mri image from a male subject with alcoholism showing the results of segmentation from FreeSurfer (left) and cMA (right) in relation to a reference T1 
image (center). Arrows (yellow) indicate regions of disagreement between FreeSurfer and cMA regarding the exterior boundary of the brain (lower arrows) and the extent 
of the white matter into the cortical gyri (upper arrow). There are also diffuse differences in the estimation of sulcal depth. 
Abbreviations: cMA, center for Morphometric Analysis; Mri, magnetic resonance imaging.Neuropsychiatric Disease and Treatment 2011:7 submit your manuscript | www.dovepress.com
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and limitations. In contrast to previous studies of healthy 
young individuals,4 the discrepancies between the Free-
Surfer and CMA volumes that we observed suggest that the 
two methods may vary in volumetric measurements when 
older and noncontrol groups are studied. Because CMA is a 
manually supervised expert system, it is presumably more 
neuroanatomically accurate than FreeSurfer, but CMA may 
be less reproducible due to variability within and between 
individual raters in the measurement of certain structures. 
Nevertheless, CMA is considered the gold standard of brain 
segmentation because of its high inter-rater and intra-rater 
reliabilities and neuroanatomical expert supervision, which 
have consistently been shown.28,29 A manually supervised and 
edited system may be less susceptible to issues with image 
quality or tissue intensity that shift structure boundaries 
nonuniformly or with motion artifacts, since the rater can use 
knowledge and experience to override computational-based 
segmentation compared with fully automated segmentation. 
The disparate definitions of a particular structure between 
CMA and FreeSurfer may affect volumetric correlations, 
such as in the cerebral cortex where FreeSurfer consistently 
underestimated relative to CMA volume. Other structures, 
such as the nucleus accumbens and the caudate or the hip-
pocampus and the amygdala, which were often grouped 
together in earlier studies33 because of the blurry boundary 
between the two structures, may be defined differently in 
CMA and FreeSurfer, leading to poor agreement for those 
particular regions.
Previously, high inter-rater reliabilities were determined 
between the FreeSurfer and CMA systems by segmenting 
seven healthy brains and then by establishing a probabilistic 
atlas in FreeSurfer using six of the brains to automatically 
segment the seventh brain.27 A similar methodology was used 
for the CMA measurements, and it was found that percent 
volume overlap and percent volume difference within the 
two methods were comparable,4 indicating similar degrees 
of consistency within the methods. However, we have dem-
onstrated here an inconsistency between the two methods 
for many brain structures. In addition, the previous com-
parison used seven healthy subjects compared with the 69 
older and/or alcoholic subjects that were used in this study, 
which represents a much larger sample size and a different 
demographic representation. The present study is notable 
because of issues presented by segmentation of brains con-
taining natural atrophy (as with elderly subjects) and/or with 
pathologic morphological changes, such as those that may 
be found in individuals with a history of alcoholism. Impor-
tantly, male alcoholics demonstrated the lowest volumetric 
consistency between methods, while they also demonstrated 
the largest volumetric changes in relation to alcoholism. 
Thus, automated methods such as FreeSurfer may be more 
challenged to accurately segment certain structures in the 
male alcoholic brains. Perhaps the two methods applied in the 
current study would have demonstrated enhanced agreement 
if group-specific training sets were used to make separate 
group atlases for automated analyses. Clearly, further study 
is warranted.
Based on CMA analyses, the thalamus, caudate, and 
putamen were significantly smaller in male alcoholics as 
compared with male controls, whereas only the hippocampus 
was significantly smaller in women. This finding of gender 
differences is noteworthy because it has been previously 
suggested that women are more vulnerable to the effects of 
alcohol than men in terms of increased brain atrophy and 
increased organ damage.18,19,34 However, our FALC group 
had a lower QFI, which may have been related to less severe 
atrophy. Thus, the fewer brain deficits seen in alcoholic 
women relative to alcoholic men in the present study further 
suggests that alcoholism affects the brain differently in the 
two genders.18,35
The ICC analysis demonstrated that the volumetric 
measurements of white matter, thalamus, caudate, and 
lateral ventricles, were strongly correlated between CMA 
and FreeSurfer methods. However, although a significantly 
smaller thalamus and caudate were found in CMA volumes 
for alcoholic subjects, these results were not found using the 
FreeSurfer volumes for thalamus and caudate. This may have 
occurred despite the relatively high ICC values in thalamus 
and caudate, because of the greater variability between 
methods in alcoholic men compared with the other groups. 
Furthermore, ICC does not measure solely the correlation 
between methods, but the consistency of the measurements 
within CMA or FreeSurfer themselves. The low correlation 
between methods was seen specifically in alcoholic men, 
even in many of the regions that had “acceptable” ICC 
  values. It is noteworthy that the women had more comparable 
between-method results. Thus, in order to increase the reli-
ability of ICC values between methods, it would be helpful 
to have separate ICC value calculations for each gender and 
disorder subgroup.
Our results demonstrated the advantages and limita-
tions of fully automated FreeSurfer versus semi-automated 
CMA morphometry. FreeSurfer automated segmentation 
computed regional volumes that differed from manually 
derived volumes for certain structures. In some regions, 
such as cerebral cortex, the differences were relatively large. Neuropsychiatric Disease and Treatment 2011:7 submit your manuscript | www.dovepress.com
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However, as long as the same method is used within a study, 
a systematic difference across subjects may still allow useful 
analyses. Improvements in FreeSurfer and similar automated 
approaches will continue to present faster and more reliable 
methods for brain segmentation for increased speed and 
reliability of brain processing and analyses. For example, 
the analyses in the current paper used an older version of 
FreeSurfer (version 3, whereas version 5 of FreeSurfer was 
released in 2010). However, we re-analyzed the scan in 
Figure 2 with FreeSurfer, version 5, and derived a cerebral 
cortex volume that was similar to the results reported above 
for version 3, both of which were substantially smaller 
than the CMA volume determined for this scan. For future 
analyses, it would be of interest to create a probabilistic atlas4 
from a set of segmented male alcoholic brains for automated 
analysis with FreeSurfer. Then, by running an additional 
male alcoholic brain through the atlas for segmentation and 
by repeating this process for each male alcoholic brain, the 
inter-method reliability could be reevaluated. It may be that 
with group-specific atlas templates, the reliability between 
methods of the MALC group would improve to be compa-
rable with the MNC and female groups. Potentially, volu-
metric measurements between FreeSurfer and CMA methods 
would be more highly correlated if FreeSurfer applied group-
specific templates with volumes derived from a solely male, 
alcoholic atlas. If so, perhaps FreeSurfer could be trained for 
brain segmentation using unique atlases for different demo-
graphic populations. In contrast, CMA has the disadvantages 
of being time and labor intensive, limiting its availability to 
a constrained user-base and constricting the throughput of 
scan analyses that can be performed. Furthermore, since it 
is not automated, relying on user-assisted region definition, 
it is more prone to inter- and intra-rater variability versus 
computer automated methods such as FreeSurfer.
Conclusion
This study demonstrated that brain segmentation by the fully 
automated FreeSurfer methodology and the semi-automated 
observer-assisted CMA method yielded more similar results 
for control subjects of both genders and for alcoholic women 
than for alcoholic men. Measurements of smaller brain 
regions such as the nucleus accumbens showed increasingly 
discrepant volume differences between the two methods, 
as did cerebral cortex volume. The discrepancies between 
methods were greatest in alcoholic men. Analyses of the 
brains of alcoholics using the CMA volumes demonstrated 
that the thalamus, caudate, and putamen were significantly 
smaller in alcoholic men as compared with nonalcoholic 
control men, and that the hippocampus was significantly 
smaller in alcoholic women as compared with nonalcoholic 
control women. The results suggest that the low correlations 
between methods observed in the alcoholic men but not in 
control men or women for certain structures may be due to 
alcoholism-related morphological abnormalities found in 
the brain reward system. Future research is needed to deter-
mine the comparability of automated and user-supervised 
methods to explore the effects of alcoholism on additional 
brain structures.
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